Non-use values (i.e. economic values assigned by individuals to ecosystem goods and services unrelated to current or future uses) provide one of the most compelling incentives for the preservation of ecosystems and biodiversity. Assessing the non-use values of non-users is relatively straightforward using stated preference methods, but the standard approaches for estimating non-use values of users (stated decomposition) have substantial shortcomings which undermine the robustness of their results. In this paper, we propose a pragmatic interpretation of non-use values to derive estimates that capture their main dimensions, based on the identification of a willingness to pay for ecosystem protection beyond one's expected life. We empirically test our approach using a choice experiment conducted on coral reef ecosystem protection in two coastal areas in New Caledonia with different institutional, cultural, environmental and socio-economic contexts. We compute individual willingness to pay estimates, and derive individual non-use value estimates using our interpretation. We find that, a minima, estimates of non-use values may comprise between 25 and 40% of the mean willingness to pay for ecosystem preservation, less than has been found in most studies.
Introduction
Persistently high rates of biodiversity loss and continued over-exploitation of ecosystems are expected to precipitate a major global environmental crisis (Millenium Ecosystem Assessment, 2005 ). In particular, coastal and marine ecosystems suffer intense and increasing degradation (Barbier, 2012) . In order to strike a balance between the use of ecosystems and their preservation, a growing body of research has focused on the consequences of ecosystem changes in terms of social welfare. This is the rationale for the economic valuation of Ecosystems Services (ES), which has rapidly developed as a pragmatic approach to support decision-making in the domain of biodiversity conservation (Liu et However, there are still challenges involved in their identification and quantification (Chan et al., 2012; O"Garra, 2009 ). This is especially the case when valuation is focused on users of the ES (Cummings and Harrison, 1995) , a user being defined as any individual who directly (through physical or visual contact) or indirectly benefits from an ecosystem of interest, either passively or actively, and therefore hold direct and indirect use values for the ecosystem services considered.
Non-use values have been the subject of a growing economic literature since Krutilla (1967) first discussed the importance of existence and aesthetic values to conservation. Originally, existence value was the main component of non-use values that was considered (Attfield, 1998; Aldred, 1994 ; Stevens et al., 1991; Loomis, 1988; Krutilla and Fisher, 1985; Brookshire, 1983) and this was commonly presented as the value assigned by an individual to the good"s continued Despite its popularity, the stated decomposition approach has substantial shortcomings and is highly controversial, mainly because of the cognitive difficulty of addressing unfamiliar and non-separable components of value (Carson et al., 1999; Cummings and Harrison, 1995; Silberman et al., 1992 ). An individual"s total WTP for an ES is usually a consequence of different overlapping and interrelated motivations, which may be inseparable and as such As a consequence of these limitations, the first approach (i.e. directly estimating non-use values by deriving non-users" WTP/WTA) has been deemed to be more appropriate by some authors (e.g. Carson et al., 1992) and is more frequently encountered in the literature (e.g. McVittie and
Moran, 2010; Windle and Rolfe, 2005) . Although this approach is simpler, since it avoids having to deal with motivations and definitional issues, it constrains the valuation exercise to non-users, which implies a loss of information regarding the non-use values of users. Compared to nonusers, we argue that users may be less subject to a number of biases which have been described in the literature on valuation for non-use values or stated preference methods, such as the "warm-glow" effect described by Kahneman and Knetsch (1992) , "yeah-saying" (Blamey et al., 1999) , part-whole bias (Hanley et al., 2003) , insensitivity to scope and unfamiliarity problems (Barkmann et al., 2008) : this is because users have a better knowledge of the ES and a priori defined preferences. They will also tend to feel more concerned about management issues, and this can increase the credibility of the valuation exercise 1 .
There is thus a need to develop and test new frameworks for assessing non-use values that would also allow differentiation and estimation of non-market use and non-use values for users.
Besides, there is a need for robust and reliable non-use value estimates regarding marine and coastal ecosystems (Barbier, 2012; McVittie and Moran, 2010; Spurgeon, 2004) , especially coral reef and associated ecosystems (Laurans et al., 2013; Schuman, 2011; O"Garra, 2009) . In this paper, we propose a methodology to differentiate between use and non-use value components in stated willingness to pay (WTP) estimates, based on time decay. The methodology is tested in an empirical application to the estimation of non-use values associated with preserving New
Caledonian coral reef ecosystems.
1 Or make it more complex in case of a polemic issue, with possible strategic behaviors or protests answers. 
A pragmatic approach to measuring non-use values

Material and methods
Conservation of New Caledonian coral reef ecosystems
Our empirical application focuses on the conservation of coral reef ecosystems in two coastal areas of New Caledonia (Figure 1) . A substantial coral reef complex with more than 4,500 km 2 of reef and more than 20,000 km 2 of lagoon zones surrounds this territory. New Caledonia has a low-density population of 13. It is important to note that each province in New Caledonia has its own independent political authority with considerable prerogatives, which include managing the economy and the environment.
Individuals in both areas are concerned about future development projects (a considerable mining project in VKP as well as domestic pressures, and a "mega resort" complex in ZCO)
which imply new conservation issues and a need for management. This was used as the basis for the conservation scenarios presented in the choice experiments. The same survey and choice experiments were conducted in these two areas, in order to study the role of several contextual elements in individuals" preferences regarding ecosystem protection over time.
Selection of attributes and levels
The selection of attributes involved several focus group discussions and interviews with different stakeholder groups, followed by tests in the two areas selected. The list of selected attributes and associated levels is presented in subsistence/traditional) in the area, which can be sustained over the long term.
-The health and richness of marine life, referring to ecological conditions of coral reef and associated ecosystems: abundance and diversity of habitats and species, as well as water quality.
-The coastal and lagoon natural landscapes, referring to the natural aspect of current coastal (mangroves, beaches, estuaries, bays) and lagoon (islets, reefs) landscapes.
-The areas of practice, referring to places (coast and lagoon) that people and the community currently use for common activities.
Three time horizons of preservation were chosen after a number field tests: 20, 50 and 100 years.
These levels imply the possibility to preserve the attributes over life expectancy, which is necessary to test our interpretation of non-use values. The status quo was interpreted and presented to respondents as "what would happen in the future if no additional preservation measures were taken". This involved progressive degradation of marine ecosystems due to the rapid undergoing changes in both areas, in view of the different local development projects under way, the growing number of recreational users in the lagoon and external environmental pressures (e.g. climate change).
The alternative scenarios implied a monthly payment that could be used by local organisations to guarantee the preservation of coral reefs and associated ecosystems in each area during 20, 50 or 100 years. Each month, part of the payment could be secured (e.g. in a trust fund) to guarantee preservation over longer periods of time (i.e. 50 or 100 years). The payment duration was presented as being for several years with a maximum of 20 years 3 . The potential lack of credibility of the choice experiment was carefully considered: for example by reminding respondents of their budget constraint or justifying the relevance of the choices in view of the broad context of global (e.g. climate change) and local (e.g. mining, growing marine activities) pressures, and associated risks for the future. The questionnaire and choice scenarios were also presented as being supported by the French government and the local authorities, to reinforce the legitimacy of the exercise. 3 Such payment duration could imply some heterogeneity regarding the way the payment was taken into account, especially between young and old individuals. Nevertheless, none of the respondents did ask about the payment duration. Besides, our results show that younger individuals are actually willing-topay more than older individuals, and this tends to indicate that they did not feel penalized by the payment vehicle (these results are available upon request).
Questionnaire, survey design and data
In order to create the various choice scenarios to be used in the DCE, a statistical design was first developed to generate random alternatives and organize them in several choice tasks amongst which respondents were then able to choose their most preferred alternative.
The statistical design for the choice experiment was generated using SSI Web 6.0 Sawtooth Software 4 . The number of random alternatives in each choice task was set to two (unlabelled), with a third fixed alternative corresponding to the status quo. A 48 choice task design was generated and blocked into six different versions of eight choice tasks. This final number of choice tasks was selected after field tests, design simulation, and design efficiency comparisons with lower choice tasks. The statistical design was tested using SSI Web 6.0 and found to be efficient using D-efficiency comparisons 5 .
Within the survey itself, an option of "Choice refusal" was added, so that the individuals who refused to participate in the exercise could say so (with a follow up question asking for their reasons). This avoided the assumption that these individuals had a preference for the status quo, while they were in fact opposed to the choice exercise itself, or to the formulation of the management problem. 4 The selected method by which the random choice tasks were generated is complete enumeration (Chrzan et Orme, 2000) , allowing us to produce an orthogonal main effects fractional factorial design, which was balanced and with minimal overlap. 6 The surveys were conducted through the help of a professional survey company and with local experienced and trained interviewers. All interviews were supervised in order to guarantee reliable data.
Econometric analysis
The econometric analysis of observed choice response is based on Random Utility Theory (Mc Fadden, 1974; Thurstone, 1927) , where an individual"s utility function is described as the sum of two different components: a rational one (i.e. corresponding to explainable factors of choice, such as the attributes and their associated levels), and a random one (i.e. unexplainable factors of choice). In the modeling framework, it is then assumed that an individual chooses the alternative that maximizes his utility, which is studied in terms of probability. Based on the assumptions made regarding both the rational and random components of utility, various choice models can be used to represent choice probabilities.
All our econometric analysis was conducted using NLogit 4.0. In the first stage of the analysis, a simple modeling approach based on Multinomial Logit (MNL) models (Mc Fadden, 1974) was used to examine the data and specify the utility functions, defined as a sum of the monetary attribute with its associated parameter, the different attributes levels with their associated parameters, an alternative specific constant associated with the status quo and a Gumbeldistributed error term.
However, the MNL model implies strong assumptions (Train, 2003) , and may not reflect the complexity of the choice process (Hensher et al., 2005) . Further models were thus tested in the second stage of the analysis, including the Error Component Logit model, the Random Parameters Logit model (RPL) (Train, 2003) and the Latent Class Model (Swait, 1994) . A modeling approach combining both Error Component and Random Parameters Logit model (EC-RPL) was finally selected for several reasons: (1) it is the one providing some of the highest model fits as well as the best predictions amongst the models tested; (2) it allows coping with preference heterogeneity at the individual level, which is crucial in view of the different populations and areas targeted by our survey; (3) it offers the possibility to deal with potential attribute non-attendance issues using stated attendance data (Hess and Hensher, 2010 ).
The RPL assumes that preference intensities vary continuously across respondents. When using an RPL, the analyst has to specify the distribution of the attribute coefficients. Normal distributions are the most commonly encountered within the literature (Hensher et al., 2005 ), and
we initially tested such distributions for our non-monetary attributes. However, when the sign of the coefficient is not expected to change and stays either positive or negative, constrained distributions can be used, such as the constrained triangular distribution. If heterogeneity is observed for the cost parameters, it is usually recommended that the constrained triangular distribution be used 7 In the end the utility function takes the form below, with three alternatives i=1, 2, 3 (the third being the status quo), for individual n, and choice set s. In this utility function, β k are randomly distributed.
In deriving WTP, once the parameters have been estimated, the analyst must take into account the fact that some parameters are randomly distributed. Both unconditional and individualspecific WTP estimates can be estimated (Hensher et al., 2005) . 
Results
Of the 550 individuals surveyed, 116 were discarded as they either did not complete all the choice tasks, completed the tasks but stated that they did it randomly (no understanding of the exercise), or stated that they refused to make choices for various reasons that cannot be considered as a preference for the status quo (e.g. they did not understand the CE, they were
V sns (ASCsq,β k ,X k ,μ) + ε sin , j=3(status quo)
firmly opposed to such a payment scenario, they thought the choices were not relevant or not realistic). Almost all our respondents were users of the reef, and the few non-users were among the discarded individuals. Socio-economic characteristics of individuals retained for our analysis are presented in table 3, for each area. attendance to payment (SA group), the other one having stated non-attendance (SNA group).
Utility specification
Here, we present the results from three MNL models (one for each area and one for both areas together), and two EC-RPL models (one for each area) (table 4). probably linked to the simplicity of the MNL and the assumption of independent choices and 285 preference homogeneity.
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The "price" parameter (only significant at the 10% level for the ZCO area) was also found to be The model fits are substantially higher in the panel EC-RPL models ( RPL (Appendix A), the socio-economic effects being captured by the random parameters.
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An interesting result from these first models is that the first three non-monetary attributes representation of the different part-worth utilities of those three first attributes is shown in Figure   312 4, extrapolated from our four points through time in the pooled MNL. 
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To take this into account in the analysis, the last non-monetary attribute (areas of practice) was 328 kept under its previous non-continuous form for VKP, and entered as a logarithm function for 329 ZCO. This new utility specification with logarithmic functions was then tested using MNL and 330 panel EC-RPL models for each area (table 5) . Again, almost all the parameters were highly 331 significant, and the WTP estimates appeared unrealistic, given very low payment parameter 332 values (see tables 5 and 6 for estimated WTP with the log-linear specification). As mentioned 333 above, this is likely due to a potentially strong cost-attribute non-attendance, which requires 334 adapting our estimation procedure (see next section). for preserving all the attributes over 100 years at the level of our sample represents at least 27% of total WTP for VKP and 41% for ZCO. This estimated "a minima" NUV component of WTP depends exclusively on the age of the individuals, since there is a maximum preservation time (100 years). It is therefore important to also consider the minimum and maximum estimated non-use values, which are respectively around 1,000 and 10,500 8 cfp/month for ZCO; and around 400 and 5,700 cfp/month for VKP. As such, they range from 11% to 100% of individuals total WTP for preservation of the different attributes over 100 years.
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Discussion and conclusions
Several important results from our case study can be pointed out.
Regarding our main objective, which was to examine a pragmatic approach to measuring nonuse values, several key results can be highlighted. First, our approach allowed us to specify partworth utilities regarding the preservation of the different attributes over time under a logarithmic form. This is in itself a significant contribution to the DCE literature, where it has been argued that linear utility function specifications are not likely to be robust due to the existence of diminishing marginal utilities or gain-loss asymmetries, which is an important limit of current practice in DCE (Hoyos, 2010) . This also confirms the theoretical basis of our approach.
Second, we were able to implicitly isolate a minima, but exclusive, non-use WTP component at the individual level (ranging from 10 to 100% of total WTP to preserve the attributes over 100 years), which represents between 25 and 40% of total mean WTP estimates, at our sample level.
This is a more conservative estimate than the ones usually found in the literature. However, the remaining 60-75% are interpreted as a mix of both use and non-use values for protecting the 8 The fact that the mean WTP values or maximum WTP values for the ZCO area are really high (and can still seem unrealistic) is certainly due to a very low consideration of the cost attribute from the respondents living in this area. We highlight however that we are not interested in the absolute WTP values but rather in the ratio between the WTP during or beyond life expectancy and total WTP, and the analyses of individuals" preferences of preservation over time.
different attributes within the individuals" lifetime, implying that total non-use values could potentially be much higher.
It is of course necessary to examine critically our approach through this case study implementation. As stated before, we are able through our method to securely capture exclusive non-use values for users through WTP for preservation beyond life expectancy, but the complementary WTP before life expectancy also certainly includes non-use components. This is the main limit of our definition of non-use values.
A possible interpretation could be to consider that non-use values held at a specific moment are perceived by the holder as being absolute and universal, and as such held continuously through time (even if the motivations underlying non-use values and their intensity are subject to changes over the individual"s lifetime). In other words, most non-use values would usually appear "timeless" for the individual and would be perceived as independent of any considerations regarding their temporal existence, so that these values motivate both a WTP during and after life expectancy, in an equivalent way. That is, most non-use values that motivate a wish to preserve an ES today or in coming years would motivate in an equivalent way the wish that the ES will be preserved over a long time (after death). This would mean that the non-use value to preserve an ES beyond life expectancy is present in an equivalent proportion in the WTP to preserve it before life expectancy: to protect the ES until after one"s life expectancy, one would first have to pay for it to be preserved while still alive. In that case, at our sample scale, non-use values would also represent at least between 25-40% of the WTP during life expectancy, so that they would represent more than 50% of the total WTP. This comes closer to other estimates found in the literature.
More broadly, it could be argued that non-use values do not actually depend on an individual"s life expectancy, but on perceptions associated with the different preservation durations considered, or on the motivations behind their commitment to preserve the coastal and marine ecosystems over time. During the surveys, most respondents associated 100 years with somewhat of an ideal 9 that would guarantee the continued existence of these ecosystems and continued benefits to future generations. And when asked to rate different possible reasons behind their commitment to preserve coastal and marine ecosystems, all individuals gave a higher score to existence and bequest motivations, compared to use or option consideration. If 100 years is interpreted as pertaining to similar values by many individuals, it could be argued that age and life expectancy do not matter, and non-use values could in the end represent a more substantial part of WTP (since it can represent more than 90% for older individuals).
Age as a socio-economic variable was found to be significant in several of our models (tables A1 and A2 in appendix A), including when interacted with the non-monetary attributes under a continuous form for utility (table A3 in appendix A). These results imply that younger individuals have a higher utility associated with preservation options, and higher part-worth utilities for longer preservation periods concerning several attributes, principally those that are more focused on use values 10 . This would tend to confirm our hypothesis that age plays a role in WTP, and influences use and non-use values.
In this application, we chose to quantitatively describe preservation over time, but alternatives could have been used. It would for example be interesting to compare our results with a similar 9 For some groups, 100 years preservation was perceived as something that must be guaranteed, from a deontological perspective. For others, it was more perceived as an utopist wish that would be great to fulfill but unrealistic since too far from the present. A potential limitation of the approach we propose relates to the importance of discounting, since we are considering long time periods. Our study took place at a specific point in time, and our estimates are based on choices involving a simple monthly payment that individuals considered at this particular point in time, so that one could argue that no discounting is involved in the choices leading to the estimated values. If such discounting affects the choices, its effects concerning the preservation of attributes over longer time-periods are likely to be intrinsically taken into account via the log-linear specification of the utility function. One could argue that rather than relating strictly to time preference, the log-linear specification might also take into account the fact that the further distant in time the benefits considered, the greater the uncertainty. Respondents may in fact have considered this uncertainty when making their choices. Studying respondent"s perceptions in further detail with regards to the different timeframes used in this choice experiment could be an interesting topic for further research.
The approach presented in this paper provides a means of measuring an a minima non-use value for both users and non-users of an environmental asset. The approach is more robust than a subjective proportioning of value as in previous studies, and leads to suggest that the exclusive proportion of non-use value in total WTP may be lower than found in previous studies, although it is still substantial. By providing estimates of use and non-use values associated with the protection of several coral reef ecosystem services, this study also contributes to the literature on coral reef valuation where a need for more valuation work has recently been advocated (Laurans In addition, the survey results show that several contextual elements seem to have affected individuals" preferences and WTP. Analysis of the factors affecting attribute non-attendance, and especially cost attribute non-attendance, is the subject of further work currently underway.
Substantial differences between both areas were observed, although these areas are very close geographically and share some characteristics in terms of environment and populations. In addition, different choices among similar types of population (age, income, tribe or non-tribe)
were observed. Our models worked well in explaining and illustrating the different contextual elements of each area. The results confirm that during an economic valuation exercise, institutional, socio-economic and cultural contexts, as well as the status of the environment play a crucial role, which needs to be accounted for. This supports concerns that have been voiced regarding benefit transfer, which even within a small regional context need careful consideration before being implemented.
Overall, this work highlights both the difficulty of estimating NUV and the possibility, using the pragmatic approach we propose, to identify a lower bound for these values. We argue that the final estimates produced in this work are reliable enough to at least be used to raise awareness, or communicate about NUV, in the context New Caledonian coral reef ecosystems management.
Our NUV estimates reflect the values that are held by users and non-users, and should be considered very seriously in decision-making. Ignoring these non-use values in management decision making for the coastal ecosystems considered would imply potentially significant loss of welfare.
In addition, the measurement of NUV in monetary terms may not be considered as sufficient in a decision-support context, in view of the multidimensionality of these values (Chan et al., 2012) .
Additional research is required on the extent to which stakeholders of decision-making processes are inclined to consider NUV estimates as well as other valuation metrics, in assessing the tradeoffs associated with the management of coastal development projects. 
